
Development of Zinc-Based Anodes for Aqueous MnO2/Zn 

based Batteries

Introduction : The developmentof alternativeenergysources(i.e. batteries)has

garneredmuchattentionin thepastfew years. In particular. stationaryenergystoragedevices

havebecomea major focusfor researchanddevelopmentin orderto makeelectricalstorage

cheaper,andmoreenvironmentallyfriendly thantraditionallyusedsources(i.e. fossil fuels).1
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Resultsand Discussion:

Objective: Mitigation of dendritesin zinc-basedanodesfor mildly acidic

aqueousZn-MnO2 batterytechnologyfor stationaryenergyapplications.

Scanning Electron Microscopy (SEM)

ÅIn general,both Zn and ZnxCu1-x (brass)alloys can be electrodepositeddirectly onto current

collectorsandactasaself-standingelectrodewithout theneedof bindingagents.

ÅPreliminaryresultsshowthatBrass-MnO2 cellsgive enhancedcapacityperformancescompared

to pureZinc-MnO2 cellswith animprovedtoleranceto dendrites.

ÅFurtheroptimizationandanalysiswill be carriedout to conditions(composition,thickness,and

depositionconditions)for brassanodein theZn-MnO2 battery.

ÅBoth the ED Zn and brass anodes has improved tolerance to vertical dendrites compared to Zn foil.
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Proposed Anode Concept
Å The brassanodefull cell yields higher capacities(163 mAh/g) comparedto ED Zn (96.3

mAh/g) andZn (92.3 mAh/g). We attributethis to theporousstructureof thebrassallowing a

bettertransferof Zn duringcharge/dischargedueto lesssurfacepassivation.

Coulombic Efficiency (Cu/Zn Half Cells)

Within the past decade,Zinc (fourth-most mined

materialon the Earth)hasattractedmuchattention

becauseit is abundant,inexpensive,andre-usable.

Moreover, as Zinc-based batteries can be

manufacturedwith a water-basedelectrolyte,this

allows for competitionwith Lithium-ion batteries,

but with theadvantageof enhancedsafety.

Zinc-basedbatteries (i.e. alkalineZinc/MnO2) havepreviouslybeencommercializedandare

one of the dominant technologiesin the primary battery market. However, the alkaline

Zinc/MnO2 systemis not currently consideredre-chargeableowing to formation of zinc

dendrites,andlow cathodecapacity.2
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ZnxCu1-x Deposition
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Zn Deposition

Å Both Zinc and ZnxCu1-x (brass)can be

deposited onto current collectors at

efficienciesof at least80%

Å For the ZnxCu1-x, a gamma brass-

coloreddepositis obtainedat the same

current density relative to pure Zn

solution.

Å At i=1 mA/cm2 and Q= 1 mAh/cm2, Zn foil, ED Zn, and BrasshaveCE of 98.8, 98.5, and

98.3%. This indicatesthattheelectrodepositedZn anodesperformat thesamelevelof pureZn.

Cu-Rich Surface with 

ZnxCu1-x sub-layer

Approach: DevelopZinc-basedAnodesusinganelectrochemical-basedmethod.

X-ray Diffraction (XRD)
Zn foil ED Zn Brass

Symmetric Cells

MnO2/Zn Full Cells

Å At currentdensitiesbelow 5 mA/cm2, both the ED Zn andbrassanodecells havelower cell

polarizationcomparedto Zn foil (0.025V vs. 0.050V)

Å At currentdensitiesof 5 mA/cm2 andgreater,both the ED Zn andbrasscells haveenhanced

stability to shortingcomparedto Zn foil .
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Å The ED Zn has the same 

texture contributions compared 

to Zn foil but with different 

intensities.

Å The brass is a mixed phase 

primarily composed of Zn8Cu5

and Zn.


